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Abstract
The classical Einstein–Standard Model system with conformally invariant cou-
pling of the Higgs field to gravity is investigated in nearly Schwarzschild black holes.
We show that, in the presence of Kantowski–Sachs symmetries, there is a finite crit-
ical value of the mean curvature such that on spacelike hypersurfaces with greater
mean curvature the Higgs sector does not have any symmetry breaking vacuum
state. Hence, according to the Standard Model of particle physics, the gauge and
spinor fields do not have rest mass and electric charge. Therefore, particles falling
into a nearly Schwarzschild black hole lose their mass and charge in the ‘reverse’
Brout–Englert–Higgs mechanism.
1 Introduction
In classical (and quantum) mechanics the rest masses are a priori given and, as an
attribute, associated with the point particles; which masses can be determined from the
small oscillations of the particles around their equilibrium configurations in some potential
field. In field theory the definition of the rest mass of the fields is based just on this idea:
Formally it is defined to be the second derivative of the potential energy with respect
to the field variables at its critical point(s). In fact, this notion of rest mass is used in
the Standard Model, and, in particular, in the Brout–Englert–Higgs (or, shortly, BEH)
mechanism [1], where the existence of symmetry braking vacuum states yields rest mass
and electric charge to certain a priori massless gauge and spinor fields.
In our previous paper [2] we investigated the classical field theory of the Einstein–
Standard Model system in which the Higgs field is coupled to gravity in a conformally
invariant way (EccSM system). Such an investigation can be justified when the matter is
extremely hot and dense (e.g. even in relativistic high energy heavy ion experiments, and
hence certainly near spacetime singularities in black holes or at the instants following the
initial singularity of the Universe), when the quantum effects could be treated only as
corrections to the robust, gross classical processes. In [2], our primary aim was to clarify
whether or not the rest mass of elementary particles obtained via the BEH mechanism in
the EccSM system could have a non-trivial ‘genesis’, i.e. whether or not the fundamental
fields could actually have zero rest mass at a certain (very early) period of the history of
the Universe, and get mass (in some ‘phase transition’) later. We found that in a nearly
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Friedman–Robertson–Walker spacetime, foliated by constant mean curvature hypersur-
faces, the Higgs field can have symmetry breaking vacuum states only on hypersurfaces
whose mean curvature is smaller than a large, but finite critical value. (The correspond-
ing Hubble time is roughly ten Planck times.) Thus, the gauge and spinor fields get rest
mass and the electric charge emerges at a finite instant as a consequence of the expan-
sion of the universe, but at earlier instants the rest masses are not well defined. Then we
claimed that the massive ‘particles’ of the EccSM system, falling into black holes, should
lose their rest mass and the electric charge disappear near the central singularity in a
‘reverse’ BEH mechanism.
In the present note we show that this is indeed the case: In black holes whose inner
geometry (behind the event horizon) is nearly Kantowski–Sachs [3, 4] (as it is in the
Schwarzschild black hole [5]) the Higgs field can have symmetry breaking vacuum states
only on spacelike hypersurfaces whose mean curvature is smaller than the critical value
above. Hence, the ‘particles’ falling into nearly Schwarzschild black holes ‘lose’ their rest
mass and electric charge before reaching the central spacetime singularity. Thus, in the
presence of extreme gravitational situations, certain concepts of field theory (actually the
rest mass) become meaningless and cannot be interpreted in particle mechanical notions.
In the next section we determine a class of field configurations that admit the isome-
tries of the Kantowski–Sachs metrics as symmetries in which the instantaneous vacuum
states are searched for. Because of the smaller number of spacetime symmetries, the
Kantowski–Sachs case is technically more complicated than the (previously considered)
Friedman–Robertson–Walker case. In section 3, we determine the instantaneous vacuum
states of the matter sector of the EccSM system themselves; and then, in section 4, we
sketch how the reverse BEH mechanism works. Our conventions and notations are those
of [2].
2 Special EccSM field configurations with Kantowski–
Sachs symmetries
Let us consider spacetimes with the Kantowski–Sachs line element ds2 = dt2 −X2dr2 −
Y 2dΩ2, where X = X(t) and Y = Y (t) are positive functions and dΩ2 denotes the
line element on the unit 2-sphere (see e.g. [3, 4]). For example the line element inside
the Schwarzschild black hole belongs to the Kantowski–Sachs class (see e.g. appendix
B in [5]). These metrics admit four spacelike Killing vectors, the three familiar ones
Ka1 , K
a
2 and K
a
3 for the spherical symmetry with transitivity surfaces t = const, r =
const; and the fourth is Ka4 = (∂/∂r)
a, which commutes with the previous three. Let
va := X−1Ka, the unit normal of the transitivity surfaces of the spherical symmetry in
the Σt := {t = const} hypersurfaces. The extrinsic curvature of these hypersurfaces is
χab = −X˙X−1vavb + Y˙ Y −1qab, where qab is the induced (negative definite) metric on the
t = const, r = const 2-spheres. The orthogonal projection to and the induced metric on
Σt will be denoted by P
a
b := δ
a
b − tatb and hab := gcdP caP db , respectively, where ta is the
unit timelike normal to Σt. In the coordinates (r, θ, φ) the only nonzero component of the
curvature tensor of the intrinsic geometry of the hypersurfaces is R23cd = − sin2 θ(δ2c δ3d −
δ2dδ
3
c ); and hence the corresponding curvature scalar is R = 2/Y 2. A direct calculation
shows that Da(χ
a
b − χδab ) = 0.
The basic matter field variables of the EccSM system in their 3+1 form with respect to
the foliation Σt of the spacetime are A
α
a , E
α
a , Φ
i, Πi and ψrA: the spatial vector potential,
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the electric field strength (which is the momentum conjugate to Aαa ), a multiplet of scalar
fields (the Higgs field), its canonical momentum and a multiplet of Weyl spinor fields,
respectively. Thus, the Greek indices are referring to the adjoint, while the Latin indices
i and r to some finite dimensional linear representations of the gauge group.
In field theory the vacuum states are defined to be those field configurations that
(i.) do not break the spacetime symmetries and (ii.) minimize the energy functional. In
particular, by the first requirement (a.) no state that can be a potential (instantaneous)
vacuum state can specify any direction different from va; and (b.) any such state must
be invariant (in some suitable sense) under the action of the spacetime symmetries. By
(a.) the field strengths Eαa and B
α
ab, the Higgs field Φ
i and a spinor multiplet ψrA in
any particular (gauge symmetry breaking) vacuum state must be such that Eαa = E
αva,
Bαab = B
αεab, DaΦ
i = ϕiva and ψ
r
A = ψ
rεA, where E
α, Bα, ϕi and ψr are gauge covariant
spatial scalar fields, De denotes spatial gauge covariant derivative, εab is the area 2-form
on the t = const, r = const 2-surfaces and εA is one of the vectors of the normalized
spinor dyad {oA, ιA} adapted to the t = const, r = const 2-surfaces (in the sense that√
2ta = oAo¯A′ + ιA ι¯A′ and
√
2va = oAo¯A′ − ιA ι¯A′). (To see that any spinor field of the
spinor multiplet ψrA in the vacuum state must be proportional to either oA or ιA, it is
enough to recall that the projections P baoB o¯B′ and P
b
aιB ι¯B′ are proportional to va, but for
any nontrivial combination ψA = −ψ0ιA + ψ1oA the projection P baψBψ¯B′ is not.)
To formulate mathematically part (b.) of requirement (i.), let us recall how the
spacetime symmetries are implemented in gauge theories (see [6]): In the actual system
the state represented by a field configuration is said to be symmetric if for each Killing
vector Ka there exists a Lie algebra valued function λα such that
£KE
α
a = λ
µcαµνE
ν
a , £KB
α
ab = λ
µcαµνB
ν
ab,
£KΦ
i = λµT iµjΦ
j, £KΠ
i = λµT iµjΠ
j, £Kψ
r
A = λ
µT rµsψ
s
A; (2.1)
i.e. it is required that the Lie dragging of the fields along the integral curves of the Killing
vectors could always be compensated by an appropriate gauge transformation. Here £K
denotes Lie derivative along Ka, cαµν denotes the structure constants of the gauge group,
and T iµj and T
r
µs are the representation matrices of the Lie algebra in the Higgs and
fermion bundles, respectively (see [2]). Note that although the Lie derivative of a Weyl
spinor field along a general vector field is not canonically defined, it is well defined if Ka
is a (conformal) Killing vector [7].
However, if the field configuration is intended to represent a gauge symmetry breaking
vacuum state, then it reduces the gauge group to a smaller gauge group, which is just
its stabilizer subgroup Gv ⊂ G, and the Lie algebra valued function λα in the criteria
(2.1) should be restricted to take its values in the Lie algebra of the reduced gauge group
Gv. But then, by the definition of Gv, the right hand sides of equations in (2.1) are all
vanishing for such restricted Lie algebra valued functions; i.e.
£KE
α
a = 0, £KB
α
ab = 0, £KΦ
i = 0, £KΠ
i = 0, £Kψ
r
A = 0 (2.2)
must hold for the symmetry breaking vacuum states for any Killing vector Ka. Solving
the first four of these equations is a straightforward exercise, and probably the simplest
way of solving the fifth of these is based on the following observation: If the rotation
Killing vectors are given explicitly by
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Ka1 = − sinφ(
∂
∂θ
)a−cot θ cosφ( ∂
∂φ
)a, Ka2 = cosφ(
∂
∂θ
)a−cot θ sin φ( ∂
∂φ
)a, Ka3 = (
∂
∂φ
)a,
then the Lie derivative of the vectors of the normalized spin frame {oA, ιA} is
£KloA = −
i
2
YloA, £KlιA =
i
2
YlιA, l = 1, 2, 3, 4;
where Yl = (sin θ sinφ, sin θ cosφ, cos θ, 0). (For the explicit form of the Lie derivative of
spinors in terms of their covariant derivative and the Killing field, see [7].) Then, writing
ψrA = ψ
roA or ψ
rιA (just according to the third paragraph of the present section) and
substituting this into the fifth of (2.2), we find that ψr = 0. Thus, the symmetry breaking
vacuum states of the EccSM system should be among the states represented by the field
configurations of the form:
Eαa = E
α(t)va, B
α
ab = B
α(t)εab, Φ
i = Φi(t), Πi = Πi(t), ψrA = 0. (2.3)
This structure of the magnetic field strength makes it possible to find a gauge in which Aαa
is also aligned with the spacetime symmetries. In fact, in the coordinate system (t, r, θ, φ)
the expression of the magnetic field strength Bαab = ∂aA
α
b − ∂bAαa + cαµνAµaAνb , together
with
√|q| = Y 2(t) sin θ, yields
∂rA
α
θ − ∂θAαr + cαµνAµrAνθ = 0,
∂rA
α
φ − ∂φAαr + cαµνAµrAνφ = 0,
∂θA
α
φ − ∂φAαθ + cαµνAµθAνφ = BαY 2 sin θ.
The third of these equations decouples from the first two, and does not depend on r. Hence
it can be solved for Aαθ and A
α
φ, and the solution can be chosen to be independent of r.
(Their t-dependence cannot be chosen arbitrarily, that is determined by the evolution
equations.) Then the first two of these equations form a system of partial differential
equations for Aαr , whose integrability condition (using the third of these equations) is
just cαµνB
µAνr = 0. Hence, by ∂rA
α
θ = ∂rA
α
φ = 0, there is a gauge in which v
aAαa = 0
holds.
Finally, by the result for the form of DaΦ
i (obtained in the third paragraph above)
and the third of (2.3) we have that vaϕ
i = DaΦ
i = AαaT
i
αjΦ
j. This implies, first, that the
components Aαθ and A
α
φ of the spatial vector potential take their values in the Lie algebra
of the reduced gauge group Gv; and, second, that ϕ
i = 0 by Aαr = 0, i.e.
DaΦ
i = 0. (2.4)
We search the instantaneous symmetry breaking vacuum states among the field config-
urations satisfying (2.3)-(2.4), and we specify them in the next section by evaluating
requirement (ii.) above.
3 The instantaneous vacuum states
In the special field configurations (2.3)-(2.4) the energy density ε of the matter fields,
given by equation (3.8) of [2] (with the specific self-interaction term of the Weinberg–
Salam model) reduces to
4
ε =
1
1− 1
6
κ|Φ|2
(
− 1
2
Gαβ
(
EαEβ +BαBβ
)
+
1
2
Gij′Π
iΠ¯j
′
+
+
1
2
(
µ2 +
1
3
Λ− 1
9
χ2
)|Φ|2 + 1
4
λ|Φ|4
)
, (3.1)
while the momentum density is zero. Here µ2 < 0 is the rest mass and λ > 0 is the
self-interaction parameter of the Higgs field of the Weinberg–Salam model, Λ > 0 is the
cosmological constant, κ := 8πG with Newton’s gravitational constant G, and we intro-
duced the notation |Φ|2 := Gij′ΦiΦ¯j′ . The energy density is singular at |Φ|2 = 6/κ, and
hence in the singularity free domain |Φ|2 < 6/κ. Thus, the matter sector of the (total or
quasi-local) energy-momentum functional in these special configurations is simply the hy-
persurface integral of the (spatially constant) ε. Hence finding the instantaneous vacuum
states reduces to determining the local minima of ε.
The structure of ε = ε(Eα, Bα,Φi,Πi;χ) is exactly the same that of ε = ε(Φi,Πi;χ)
in the presence of Friedman–Robertson–Walker symmetries considered in [2]. Thus, they
have the same qualitative properties that ε = ε(Φ, 0;χ) has for a single real scalar field
Φ (see [2]). In particular, the critical points of ε = ε(Eα, Bα,Φi,Πi;χ) with respect to
the matter field variables are at Eα = 0, Bα = 0, Πi = 0 and Φi solving
− 1
12
κλ|Φ|4 + λ|Φ|2 + (µ2 + 1
3
Λ− 1
9
χ2) = 0. (3.2)
Its solution, denoted by Φiv, has the pointwise norm
|Φv|2 = 6
κ
(
1−
√
1 +
κ
3λ
(
µ2 +
1
3
Λ− 1
9
χ2
))
. (3.3)
(The solution with the + sign in front of the square root would yield |Φv|2 ≥ 6/κ.)
However, to ensure the reality of the solution, the mean curvature should satisfy
1
9
χ2 ≤ 3λ
κ
+ µ2 +
Λ
3
≃ 5.4× 1063cm−2; (3.4)
for which values the critical points are local minima of ε. (Here the numerical value
was calculated in the ~ = c = 1 units.) ε = ε(Φ, 0;χ) does not have any other mini-
mum, and it has the familiar ‘Mexican hat’ shape only on the −√6/κ < Φ < √6/κ,
1
9
χ2 < 3λ/κ+µ2+Λ/3 domain of the (Φ, χ2) half-plane. For 1
9
χ2 > 3λ/κ+µ2 +Λ/3 the
graph of ε = ε(Φ, 0;χ) is a simple ‘hat’ whose ‘brim’ does not bend ‘upwards’. (For the
detailed discussion of the properties of the function ε = ε(Φ, 0;χ), see [2].) Therefore,
symmetry breaking vacuum states of the EccSM system exist only on spacelike hyper-
surfaces whose mean curvature satisfies (3.4), and these states disappear when the mean
curvature exceeds this bound. Because of the extrinsic curvature term in (3.3) the instan-
taneous symmetry breaking vacuum states, when they exist, are time dependent. The
energy density at the vacuum states is εv = −14λ|Φv|4, which is an algebraic expression
of the mean curvature.
Since the canonical momentum Πi in terms of the Lagrangian variables is te∇eΦi +
1
3
χΦi (see [2]), the condition Πi = 0 in the instantaneous vacuum state is equivalent to
te(∇eΦiv) = −13χΦiv. By Eαa = 0, Bαab = 0, ψrA = 0 and DaΦi = 0 the only constraint in the
matter sector, the Gauss constraint, is satisfied. (For the sake of simplicity, we assume
that in these states the scalar and spatial vector potential, φα and Aαa , respectively, can
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be chosen to be vanishing even globally.) Remarkably enough, although we allowed the
matter field variables to have special direction dependence, i.e. to be aligned with the
distinguished vector field va, in the instantaneous vacuum states the field configurations
turn out to be isotropic. This result is compatible with the structure of the critical
configurations of the general energy-momentum functional obtained in [2].
By the vanishing of the momentum density and Da(χ
a
b − χδab ) = 0 the momentum
constraint of General Relativity is also satisfied. On the other hand, the Hamiltonian
constraint, 1
2
(R+χ2−χabχab) = κε+Λ, is a non-trivial condition on the difference of the
spatial scalar curvature and the square of the trace-free part of the extrinsic curvature:
R− (χab − 1
3
χhab)(χ
ab − 1
3
χhab) = 2Λ− 1
2
κλ|Φv|4 − 2
3
χ2. (3.5)
Hence, although the matter field variables in the instantaneous vacuum states must be
isotropic on Σt, apparently the extrinsic curvature should not. Nevertheless, the general
analysis of the critical configurations of the energy-momentum functional shows that the
extrinsic curvature must be a constant pure trace [2]:
χab =
1
3
χhab, χ = χ(t). (3.6)
Otherwise the configuration would not be critical with respect to general variations,
though they are with respect to variations in the Kantowski–Sachs class. With this
additional restriction the mean curvature χ determines the spatial scalar curvature R
on Σt completely via (3.5). Since in the coordinates (r, θ, φ) the trace-free part of the
extrinsic curvature of Σt in the Kantowski–Sachs spacetime is χab− 13χhab = −13(X˙/X −
Y˙ /Y )(2vavb + qab), by (3.6) Y = X can always be achieved by an appropriate constant
rescaling of the coordinate r.
Therefore, to summarize, the instantaneous symmetry breaking vacuum states of the
EccSM system on Σt in a nearly Schwarzschild black hole are those physical states,
in which the only non-vanishing matter field is the Higgs field, Φi = Φiv(t), deter-
mined completely by the mean curvature χ = 3X˙/X by (3.3) and the 3-metric is
dh2 = X2(t)(−dr2 − dΩ2), being conformal to the unit cylinder R × S2 with scalar
curvature R1 = 2.
4 The ‘reverse’ BEH mechanism and the evanescence
of the rest masses and charge
In [2] we determined the 3+1 form of an appropriate Lagrangian for the EccSM system
with respect to an arbitrary foliation and evolution vector field. If N is the lapse function
and Na is the shift vector, then the 3+1 form of the Lagrangian of the Yang–Mills, Weyl
and Higgs fields, respectively, are
LYM = 1
2
GαβE
α
aE
β
b h
ab +
1
4
GαβB
α
acB
β
bdh
abhcd, (4.1)
LW = i
2
Grr′t
AA′
(
ψ¯r
′
A′
(
te∇eψrA + φαT rαsψsA
)− ψrA(te∇eψ¯r′A′ + φαT¯ r′αs′ψ¯s′A′)
)
+
+
i
2
Grr′h
ab
(
ψ¯r
′
A′Dbψ
r
A − ψrADbψ¯r
′
A′
)
, (4.2)
6
LˆH : = 1
2
Gij′t
a
(∇/aΦi)tb(∇/bΦ¯j′)+ 12Gij′hab
(
DaΦ
i + AαaT
i
αkΦ
k
)(
DbΦ¯
j′ + Aβb T¯
j′
βl′Φ¯
l′
)−
− 1
4
λ
(
Gij′Φ
iΦ¯j
′
)2 − 1
12
(R+ χabχab − χ2)Gij′ΦiΦ¯j′ +
+
1
6
1
N
χGij′
(
Φ˙iΦ¯j
′
+ Φi ˙¯Φj
′
)
+
1
6
1
N
(
DaN − χNa)Da|Φ|2, (4.3)
where, for the sake of simplicity, we assumed that the Higgs self-interaction term has the
form λ(Gij′Φ
iΦ¯j
′
)2 (as in the Weinberg–Salam model), and
Eαa =
1
N
(−A˙αa +£NAαa +Da(Nφα)+ Aµacαν (Nφν)), (4.4)
te∇/eΦi =
1
N
(
Φ˙i +NφαT iαkΦ
j −NaDaΦi
)
, (4.5)
te∇eψrA =
1
N
εAA
(
ψ˙rA −N eDeψrA −NteΓBeAψrB
)
. (4.6)
Here ψrA are the components of the spinor multiplet in some normalized dual spin frame
{εAA , εAA } and ΓAeB := εAA∇eεAB , the connection 1-form of the spatial Levi-Civita connection
in this frame. Note that the spatial vector potential Aαa is still involved in De in (4.2).
The interaction and potential terms, respectively, are
LI = i
2
(
εA
′B′ψ¯r
′
A′ψ¯
s′
B′ Y¯r′s′iΦ
i − εABψrAψsBYrsi′Φ¯i
′
)
, V =
1
2
µ2Gij′Φ
iΦ¯j
′
, (4.7)
where Yrsi′ are the Yukawa coupling constants. The total Lagrangian Lˆ of the matter
sector of the EccSM system is LYM + LW + LˆH + LI − V .
Our aim is to calculate the rest mass of the ‘particles’, described by the fields of
the EccSM system, falling into a nearly Schwarzschild black hole. Here we adopt the
general ideas (e.g. the notion of rest mass of the fields) of [1], and follow the analogous
calculations of [2] done in the cosmological case. Thus, we assume that the interior of
the black hole can be foliated by constant mean curvature hypersurfaces Σt, whose mean
curvature χ can also be used as an external time variable (the so-called York time). Thus,
on every leaf of this foliation the instantaneous vacuum state is a globally well defined
physical state labelled by the mean curvature.
However, as we saw in the previous section, the existence of local minima of the energy
density is not guaranteed on every hypersurface. In the absence of such vacuum states the
very notion of the rest mass of the fields is questionable. This becomes well defined (via
the BEH mechanism [1]) only when the mean curvature χ of the hypersurface satisfies the
inequality (3.4). This is a non-trivial condition, since, for example, the mean curvature
on the standard foliation of the interior Schwarzschild solution diverges as ∼ t−3/2. Also,
the electromagnetic interaction (together with the electric charge) emerges from the U(2)
gauge theory as an ‘effective’ gauge theory only in the presence of the symmetry breaking
vacuum states (see [1]). Thus, the hypersurface whose mean curvature is just the bound
given by (3.4) is the ‘moment of evanescence’ of the rest masses and electric charge.
Since the calculation of the rest masses are essentially the same that in the cosmologi-
cal case in [2], here we do not repeat all the details. Thus, suppose that 1
9
χ2 < 3λ
κ
+µ2+ 1
3
Λ,
7
and let us fix a particular (symmetry breaking) vacuum state Φiv at a given instant Σt.
Then, in the unitary gauge (where Φi = Φiv + H
i), the independent Lagrangian field
variables of the matter sector are φα, Aαa , ψ
r
A, H
i and the corresponding velocities; and
the vacuum state corresponds to their vanishing. The mass of the various fields can be
read off from the second derivative of the Lagrangian with respect to φα, Aαa , ψ
r
A and H
i
at the vacuum state, provided its first derivatives are vanishing.
A straightforward calculation shows that these first derivatives at the vacuum state
are, in fact, vanishing, i.e. the instantaneous vacuum states are critical points of the
Lagrangian: The first of these is vanishing by te(∇eΦiv) = −13χΦiv (i.e. Πi = 0) and the
gauge invariance of Gij′, the second by DeΦ
i
v = 0 and A
α
a = 0, the third by ψ
r
A = 0,
while the fourth by φα = 0, Aαa = 0, DaΦ
i
v = 0, Π
i = 0, the Hamiltonian constraint, and
equations (3.2) and (3.6). The first two can be summarized as (∂Lˆ/∂ωαa )v = 0, where
ωαa = taφ
α + Aαa , the 4-covariant connection 1-form. Hence the mass matrices for the
matter field variables,
M2αβ :=
1
4
(
gab
∂2Lˆ
∂ωαa ∂ω
β
b
)
v
=
1
2
((
T iαkΦ
k
v
)
Gij′
(
T¯ j
′
βl′Φ¯
l′
v
)
+
(
T iβkΦ
k
v
)
Gij′
(
T¯ j
′
αl′Φ¯
l′
v
))
, (4.8)
Mrs := −1
2
ǫAB
( ∂2Lˆ
∂ψrA ∂ψ
s
B
)
v
= iYrsi′Φ¯
i′
v . (4.9)
M2ij′ := −
( ∂2Lˆ
∂H i∂H¯ j′
)
v
=
(1
6
κεv +
1
6
Λ +
1
2
µ2 − 1
9
χ2
)
Gij′ + λGi(j′Gl′)kΦ
k
v Φ¯
l′
v , (4.10)
M2ij := −
( ∂2Lˆ
∂H i∂H j
)
v
=
1
2
λGik′Gjl′Φ¯
k′
v Φ¯
l′
v , (4.11)
are well defined, and the first is symmetric and positive semi-definite. (ǫAB in (4.9) is
the anti-symmetric Levi-Civita symbol.)
In the particular Einstein–conformally coupled Weinberg–Salam model, where Φiv =
(0, |Φv|) and H i = (0, H) for some real function H , these mass matrices give the same
expressions for the Z, W± gauge bosons, the electron and the Higgs field H as in the
cosmological case: mZ =
1
2
√
g2 + g′2|Φv|, mW = 12g|Φv|, me = 1√2Ge|Φv| and m2H =
2λ|Φv|2− 19χ2, respecively, while the photon and the neutrino are massless. Here g and g′
are the two coupling constants corresponding to the SU(2) and U(1) factors of the gauge
group, respectively, and Ge is the only non-trivial component of the Yukawa coupling
constant Yrsi′. (For the details, see [1, 2].) By the χ–dependence of the ‘vacuum value’
|Φiv| of the Higgs field the rest mass of the infalling massive particles is increasing, and
becomes ill-defined at the ‘moment of evanescence’ before reaching the central singularity.
The electric charge, which also disappears then, is time independent, just like in the
cosmological case.
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